Acetaminophen toxicity results in site-specific mitochondrial damage in isolated mouse hepatocytes.
Exposure of isolated mouse hepatocytes to a toxic concentration of acetaminophen (5 mM) resulted in damage to the mitochondrial respiratory apparatus. The nature of this damage was investigated by measuring respiration stimulated by site-specific substrates in digitonin-permeabilized hepatocytes after acetaminophen exposure. Respiration stimulated by succinate at energy-coupling site 2 was most sensitive to inhibition and was decreased by 47% after 1 h. Respiration supported by NADH-linked substrates (site 1) was also decreased but to a lesser extent, while there was no decrease in the rate of ascorbate + N,N,N',N'-tetramethyl-p-phenylenediamine (TMPD)-supported respiration (site 3). The loss of mitochondrial respiratory function was accompanied by a decrease in ATP levels and ATP/ADP ratios in the cytosolic compartment and was preceded by a loss of reduced glutathione in both the cytosol and mitochondria. All these effects occurred well before the loss of cell membrane integrity. The putative toxic metabolite of acetaminophen, N-acetyl-p-benzoquinonimine (NAPQI), produced a similar pattern of respiratory dysfunction in isolated hepatic mitochondria. Respiration stimulated by succinate- and NADH-linked substrates was very sensitive to 50 microM NAPQI, while ascorbate + TMPD-supported respiration was unaffected. The interaction between NAPQI and the respiratory chain was further investigated using submitochondrial particles. Succinate dehydrogenase (associated with respiratory complex II) was found to be very sensitive to NAPQI, while NADH dehydrogenase (respiratory complex I) was inhibited to a lesser extent. Our results indicate that a loss of the ability to utilize succinate- and NADH-linked substrates due to attack of the respiratory chain by NAPQI causes a disruption of energy homeostasis in acetaminophen hepatotoxicity.